SDC SOLENOID DESIGN NOTE #195

TITLE: Status of Cryogenic Design Study at KEK
AUTHOR: Y. Doi (KEK)
DATE: Dec. 10, 1992

This design note is one of a series which represents the proceedings of the

SDC solenoid subgroup meeting held in Japan on December 8-11, 1992, The plan
and purpose of the meeting was to:

e ook at the prototype coil winding and honeycomb vessel R&D in Japan

e Reports of technical progress from each group

o Plan and schedule for the prototype magnet assembly and test

* Discussions on design of the SDC solenoid power supply

» Discussions on cryogenic design for the SDC solenoid

» Discussions on responsibilities for the cryogenics fabrication

e Response to the report of the DOE review sub-commitiee

» Publications and presentations of the technical progress



SDC Solenoid Subgroup Meeting in Japan

Status of Cryoge




£ 3

Status of Cryogenic System Design at KEK

Outline system flow diagram.

Estimate of refrigeration load.

Recovery times to steady state operation after quench
Main specifications of the cryogenic system.
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Magnet flow diagram, Part 1.
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Estimate of refrigeration load for the SDC cryogenic system
Steady state operation Note

(A) Steady load in magnet 40W

(B) Current leads 9OW (30L/hr) IL/hr=3W

(C) Transfer line (supply) 5w With LNyshield

(D) Trangfer line (return) 20W With LNyshield

(EY Transfer line (supply) 2, BW 0. ?8W/m>< m(lB)

(F) Transfer line (return) 3, 7TW (J SZW/n\ n (14B)

(G) Transfer line (supply) 7. 4W /W/mXOOmH% )

(H) Transfer line (return) 8, BW (] AAW/nX20m (2B)

(1) Storage dewar 3W

(J) Control valves 15w 3WXE valves

(K) Bayonei connections 40W 4AWX10sets

(L)Y Vaporizing heater TOW Flow rate =8 g/s
Total heat load 3005, 7W

NOV, 25,
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Transfer Line Heat Leak

The following per-foot heat leak values are

representative of typical CVI piping installa-
tions. A total system heat leak is relative to all

components collectively. Your system heat
leak might average slightly less, but this would
be indicated only by a thorough analysis.

CVI

i

. o - s . e, o
ek BT 1, = 2. 98/ " e BT,
inner Line Slze LN, LO, L, (}4//7,?7)51421@? i.ine Size LN, O, L.H,
%" 0.D. 0.376  0.372 0.407 = @.=% " Nom.l.D. 0.977 0967  1.058 -
% NPS 0.433 0.427 0.462 - 2,44~ 3" Nom. L.ID, 1.214 1.195 1.283
17 NP§G 0.479 0.472 0515 =@ 47 17 Nom, LD. 1437 1.416 1.6545
12" NPS 0.581 (0.571 0.633 =o.4¢  1¥o" Nom, LD, 1.743 1.713 1.899
27 NPS 0.790 0.651 0,854 =052 27 Nom, 1.D, 2.370 1.953 2.562
3" NPS 0.986 0.841 1.080 =4 @8
47 NPS 1.286 1.010 1,407 = 7/ B2&
67 NP5 1.657 1.368 1.835 -~/ 76

(TUhe ) e

fFach CVI transfer line
aystem is fabricated,
evacuated, tested
and shipped in
sactions, or spoals.
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Performance data
Caleulated Cool-Down & Heat Lesk S/é@ Cv Vabue® Tolal Welghts and Cool-down Weights
Perlormance Information \;Sakw@ Tg}r:ja;%i@:egg T;éi:kw?;eigm é&i@ilggz to
Cool-Down Loss Steady-State /7/2 " & 2e jiolal Welg ogl-down
From Amblent Heat Leak 25 6.75:4 9.004 3.254
é&i;‘f to Cryogenle From Amblent Ya 8 Y 6.75 3 9.00:4 3.504
Temparature, to Cwﬁgef;ﬁg - ’ o 7.06 11 2%%’; 3.75#
In BTU. Temp. BTU ! W 1| 16002 | 2205% | 7.50%
BO°K 20°K | 80°K | 200K/ |||y, a4 27 1 19752 | 29.50# | 11.004
Y o 117 123 | 13.8 | 15.7 37 57.00: 77254 32.50;&:
9y i 126 133 “3’3-8 157 2" 60 47 71.004 91.254# 46.50:4
,,/Q fg, . o e v 139 Added weights for operated valves:

Lo 135 143 9 1411 188 . « Alg Cylinder Positloner
1% 270 | 285 | 189 | 21.2 ||[ . 250 Stzas Operation__| Operation
27 396 418 | 246 | 27.6 - i Vol Ve &Y 9 ;i;#g%
it 49 g ; ‘These values ars 1Yyt g 9 20z Tt
3 1170 | 1235 | 63.6 | 69.8 || 559 o o8 Bre i{’i &&4;3 e i
4" 1675 1765 | 78.8 | B6.2 tesis conducted by = L et behacs

alarge Midwestern | NOTE: Air cylinder or positionar operators do
univarsity. not affect cookdown weighis of valves.

Sizing the Valve for Your Application

By definition, C, for a valve is equal o the number of gallons per minute of water (specific gravity
of 1.0) which will pass through the valve seat with a pressure drop of 1 psi,

Two relationships between C, and other pertinent flow paramelers are as follows:

Liguid Flow

- QG 72w,

T NVAP T NGAP
where:

Cv = Valve Flow Coefficient
AP = Pressure Drop (psi)
Q= Liquid Flow Rate (gpm)

j

density of subject fluid

G = 8Specific Gravity = density of water

Wi = Liquid Flow Rate (Ibs/sec)

Gaseous Flow

_ <\ﬂ) QNG
61

730 W, ( ‘ﬁ";}

SRR PYY: P.AP  JGPAP 228
wheare:
S = Valve Flow Coefficient

AF = Pressure Drop (psi)

(G = Gaseous Flow Rate (scfh)

density of subject

gas at sip
density of air

W, == Gaseous Flow Rate (ibs/sec)

P, = Downstream absolute pressure
(psia)

T = Absolute Temperature (°R)

Note: When the pressure drop
(AP)is equal to or
greater than ¥z the

absolute upstream
pressure’(P,), substitute

i

o3
}

= Specific Gravity =

With these relationships, all factors except Cy are known. The required Gy value can be deter-
mined which, from the ahove table, will specify the required valve.



TUBING SIZES
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PIPE SIZES

$17E | PART NUMBER 1 OvER T1 T2 Al B | c | o | E | CONNECTION
ol 4| ccamezeswy |17 |, l‘ 042%&” M 7&2"55“ 5 08 | 1|82 2 [13-12 Thread
::3 g CCa-83-5w1 | 17 XW&?SJH )% '{;6%\‘35” s | e |1 3% 2 1l%«1zmmeac
f; Ll coaesaeswy |17 xifozag”\s,{n xl,o/gsovlfﬁ 5 |8 | 1|83 2 [13-12 Threas
Tl | Ledegecswn |17 X"/"’;&Sf\‘k( g T 2Dl s 1 e | 82| 2 | 212 Tivead
3| ccaazeswi | aa g | 2/vwe | Lgebe g d g a3 gl 1| Ms27114013
2] craaasswy | e 5 :Cﬂ‘p‘é che s g | Jg 8 % 1 % MS27114-13
;:s 14| ceasdemswy | 1o | ]jf? e “;C}”"’b 3 19 lf) 83| 3 |wmsz7114-17
Z' 2 | cca-as-sw1 | 20 % fﬂﬁ”"; 3}1”’“} 3 Lo 1 21 9 ] 6s]mMse7114-20
5 | cca-anz-swi | 20 o pwe A BT AR N I 612 MS27114-23

3| cca-a16-5w1 | 204 2 owe ope 13 f9 219 | % MS27114-24

Tube Sizes 4 e e 24
SPECIFICATIONS ot K o, Tw 05w .3 Ll

SIZE: ,250 inch Diameter through 4 inch Diameter
TEMPERATURE , WORKING:

luner Hine: 09K through 6000C

Quter line: =659C through 150°C
PRESSURE, WORKING: 150 psig max,

HEAT LEAK in BTU g, "82V]"83"1"84" 286"
at 40K 5312 814,575 7 g
200 K 221726 1411573 BOYX 600 5
760 K 1.611.9 13,139 8-LOS 080Ss .
MATERIAL: 300 series (304 and 304L) cres; » CA. 93402

rennlina nof nicksl nlated heace {808) Bonr.18GH
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BJ-Series Bayonet Connections

Rayonet Individual Raysnet HEBS.

Assemhly Mode! Humbers Joint

Model Size Dimensions (is inches)

Mumbers  Male Female A B ¥ 1 £ f G # O-Ring Soupling
BIA-G75  BIMAO75  BIF-075 2" Yo 2 1000 3.00 3375 450 300 798 30-0000-15229 11.0185-00210
BJA-O7S-L BIM-O75. BJF-O75-L %" x2” Yo 2 1200 300 3280 47% 325 10.00 - 15229 - 00307
BIA-100  BIM-100  BIF-100 17" x 2" 1 2%, 1000 3.00 3375 400 300 793 -15231 -00210
B1-100-L° BIM-100-L BIF-100:L 17 x 2347 1 2% 1200 300 3.37% 400 3.00 998 - 15231 -00210
BIA-150  BIM-150  BIF-150 A3 1V 3 1150 3.00 4375 450 3.00 803 - 15238 -00212
BIAIS0L™ BIM-150-L BIF-15G4L 1% x 3 1% © 3 1500 300 4375 450 300 12.03 - 15238 -00212
BIA-200  BIM-200  BIF-200 27y 47 2 4 1150 3.00 5375 450 3.006 803 - 15246 <0214
BIA2000° BIM200-L BIF200-L  27x 4" 2 4 1550 300 5375 450 300 12.03 - 15246 -00214
B1A-300  BIM-300  BIF-300 Iy G 3 4 1150 3.00 6.625 500 3.00 803 - 15254 -00217
BIA-300-L7 BIM-300-L BIF-300-L 3 x5 3 5 1500 300 6625 5.00 3.00 12.00 - 15254 -00217
BIA400  BIM-400  BIF400 47 5 6" 4 & 1100 3.00 7875 500 300 7487 - 15261 -0111
BIA-400-L° BIM-400-L BIF-400:L 4" % 6" 4 6 1500 3.00 7.875 585 3.00 11.87 - 15261 -00111
BIA-600  BIM-600  BJF-600 6" x 10" 6 16 1500 3.00 11.875 500 3.00 11.87 - 158274 - 00101
BIA-800  BJM-800  BIF-800 87 x 12" 8 12 15.00 3.00° 13875 625 425 12.00 30-0000-15278 11-0185-00102

Cool-Down and Heat Leak Performance Information

Coni-Dewn Less frem

Steady $iate Meat

Holes:

Rayonet Regular ) Amuient fo Cryopenic Lol from Ambient Bayonel assembly model
ﬁ""““iiéée‘ ., lengih Long” Temsmmrg%’u To Gryogenic Temp, numbers include the male,
(Tube Si12e3) SULE (o lemale, O-ring and coupling.

80K 20°K ook ALK Each of these parts is avail-

W x 2" BIA-075 26 27 16.5 180=«"22 able separaisly by its appro-

By 2 BJA-075-L 31 33 14.1 16.1 = .7 priate model number.

17 24 BIA-100 33 40 247 28.4 = &. 2 *The “L” suffix model numbers

" , refers o extra length of male
1ox 2% BIA-1004 46 48 208 238 = 7 f’) and female counterparts. Added
Va7 x 3 BJA-150 48 50 276 31.8= $F  length gives tower heat leak

" - 7 characteristics. The long bayo-
12" x 3" BIA150-L 57 60 221 259> 76 nets are specifically recom-
R BIA-200 80 63 35.0 mended for applications at 209K
AR BIA200.L 70 73 193 :: be’o’r‘"' dod i schadula &

7 77 ¢ “Normaily provided in schedule 5;
3 %3 8JA-300 225 37 64.8 145 - 20 & other schedules available.
4y 6" BJA-400 217 228 122.9 141.8 = 44/.5
6" x 10" BIA-600 602 633 166.4 1912 =54 .0
8" x12” BJA-800 854 898 2284 2635 = o 2.
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State- T P m I H Qusllty
point (X3 (atm) (g/5)  (Ke/L) (J/9 X
1 5, 2 18, 0 0,152 19, 74 e
2 5, @ 2, 5 0, 085 19, 74 -
3 4.8 9,5 8 9, 124 i1, 08 —
4° 4,9 3. 1 g 0,121 13,49 e
5 4, 8 1. 68 8 — 18, 4¢ 0,03
5; 4.8 1,65 8 — 15, 15 0,13
6" 4,76 1.6 8 e 20, 15 D44
7 4,76 1.6 7 0,020 28, 98 —
g*° 5, 1 1,35 7 0. 02 34, 51 B

8t The transfer go line between statepoints 3 and 4 assumes o load of {2V,
be The magnet thermal losd fa 409,
¢ The transfer returu line boetwoen statepoints 7 and 8 assumes s load of 30, 7.

Thermodynamics of the cryogenic system

for the SDC magnet,
DEC, 2, 1902

KEK Kevisea, |



Recovery times to steady state operation

Note:
200, IW=308, TW-45% (0. 50/s ~ st cureont load flows)

after quench

L/hr
400 +

200 K

{ i :
¢ 3 4 2 H
RO SU N T—
{ H
§ i

]

341

(W=200, TWx1, 5 (Safoty factor)

NOV, 26,
KEK

1992
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Fstimate of refrigeration load for the SDC cryogenic system

Steady state operation Note )

(A) Steady load in magnet @ oy BEW (0.5 s)~ Aveld heat Logel. to e
(B) Current leads oal (30K b ) 1L/ hr=3%
(C) Transfer line (supply) oW With !Ng shield
(D) Transfer line (return) 20} With LNyshiseld
(F) Transfer line (supply) KB@ 0, 28W/aX10n (1B)
(Fy Transfer line (return) m& 0, 87%/nxX10m (15B)
(G) Transfer line (supply) @%@ 0. 37W/mx20m (15B)
(H) Transfer line (return) §J§§9 0. 44%/mX20m (2B)
(1) Storage dewar @[9
(J) Control valves ﬁ@ 3WKG valves
(K) Bayonet connections @Z)ﬁ 4WXi0sets
(L.) Vaporizing heater @W@ Flow rate =8 g/s

Tatal heat load SBBetll

z&e, THW NOV, 25,1092 KEK =
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Operation modes Tor the SDC magnet

I, Normal operation modes,
Initial state setting,
Compressor start,
Cold box gas circulation,
Circulating purification of the system,
Magnet cool down, -1~
Magnet cool down, -—2-
Steady state operation,
LHe recovery,
Magnet warm ubp,
Operation stop,

{

00LOOR0 =

?. Emergency modes,
C~1.(1) Magnet gqguench,
(2) Magnet aquench recovery,
C-2, Gompressor emergency stop,
GC—-3, Turbine ¢rip =~ Case 1,
Turbine trip - Case 2,
G4, Flow down of the current leads,

e
o
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Main Specifications of the Cryogenic Systems
for the SDC Magnet

Cold Box

Type

Refrigeration capacity
Liguefaction rate
Precooling

AY

Compressor

Tynpe

Flow rate
Discharge pressure
Suction pressure
Motor power

Purifier
Type
Operation
Flow rate
Inlet impurity

DIressure

OCutlet impurity

length

reactivation by

Operstion
Avtomatiac

He Storage Dewar

Tyvoe

% 1 L0 Ly
¢ Gas Buffer Tank

T :;yp &

Capacity

Pesign pressure

Recovery He Gas Tank
Type

Capanity

Design Drassure

Connection Box
Tv 2e

Inside element

Magnet Valve Unit
Tyvpe
Setting element

He Gas Warmer

Type

Flow rate

Design pressure
Inlet temperature

Claude cyacle
1, 000 W Cat 4.5 KD

300 L/nh
LMNa
Oil Jlubricated screw COMPressor

4400 Nm®,/hr
16 kg/cm?G
0. 1% kg/cm?G
820 KW > 2p

C228 Psig)
C2 Psigd

Low temperature adsorpition
16 kg/cm?G C228 Psig)

300 Nm® /haxr
Adr componant

1. 000 PPrPM

H20 1. 000 PPM
D2 Below 1 PPM
H0O Below 1 PPM

120 hr

BEQUeneer

Horizontal vaociium

insulated ve

5, 000 Q1300 ma:
2 kglom? o C28 Psdigd

. 8 %

Horizowotas i
TO. 000 %
10 kg/om

0. 885 %

VE I am
Ci8,. B0OO
G C142

<
~
&
@
@
i
ok

3 mets
Horizontal cviliindricsl vaesse l
100 m*®

20 kg/oem?C (284 Psigd

I met
Horizontal
50 m?®
20 kg /em?G

cyviindrical wve

C284 Pasigd

Vertical wvaowwm insulated box
Transfer tube Connection,
control valve, Instrument.

1 set

Unmit

LN vaporizer, control valve,

manual valve,
instrument.

safety value,

Ambient -
800 Nm?® / h
6 kg/cm?G
-196 °C

Alr heated warmer

(85 Psig)
CTTED




